Observations on the frequency and severity of postanaesthetic nausea and vomiting were made in 252 women undergoing minor gynaecological operations under general anaesthesia consisting of thiopentone, nitrous oxide and oxygen. Anaesthesia lasted for 10 minutes in all patients. One per cent halothane in oxygen was given for 5 minutes at the end of anaesthesia to two groups of cases, one with and one without atropine premedication. This did not lead to a statistically significant reduction of the incidence and severity of sickness as compared with the unpremedicated control group. The administration of halodiane in this way did, however, lead to a significant reduction in emergence vomiting in atropine-premedicated patients. The incidence and severity of sickness after chlorpromazine premedication was significantly lower than in the control group. Trichloroethylene supplementation of nitrous oxide and oxygen anaesthesia did not materially influence sickness as compared with the control group. The major part of postoperative sickness occurred in the first postoperative hour in patients without effective anti-emetic premedication.
The incidence of emetic sequelae after halothane anaesthesia has been the subject of controversy. An impression that the administration of halothane was associated with a low incidence of postoperative sickness was created following reports by Chang, Macartney and Graves (1957) , Abajian and associates (1959) , and Bull, DuPlessis and Pretorius (1960) . Novoa (I960) reported that halothane not only caused the least incidence of sickness but its exhibition for a short time at the termination of anaesthesia with other agents also led to an appreciable reduction in sickness rates compared with those following the agents alone. Rajagopalan and Dundee (1963) supported Novoa's view as regards the low incidence of emesis after halothane but they stated that it is fundamentally wrong to ascribe an anti-emetic property to a volatile anaesthetic. Haumann and Foster (1963) , however, after having observed that there was a reduction in sickness rate following nitrous oxide, oxygen and trichloroethylene anaesthesia when halothane was substituted for trichloroethylene for the last 5 minutes of anaesthesia, suggested that halothane might exert an anti-emetic action on the vomiting centre. Riding (1963) , on the basis of a preliminary observation, reported that an attractive feature of halothane anaesthesia was the relative infrequency with which vomiting occurred on emergence.
In the reports of Burtles (1960) , Heal (1965) and Holmes (1965) , on the other hand, the overall incidence of postoperative sickness after halothane anaesthesia was little different from that following other routine anaesthetics.
The purpose of the present study was to investigate the possible anti-emetic property of halothane by means of a clinical trial of the type suggested by Riding (1960) and Dundee and his associates (1962) .
METHODS
The frequency of occurrence of postanaesthetic nausea and vomiting was observed in 252 women (aged 16-50 years and weighing 28-68 kg) in whom dilatation of the cervix and uterine curettage was performed under general anaesthesia.
All patients were in good general health. None had pre-existing disease likely to influence the postoperative sickness rate or to contraindicate the use of the premedication drug and the anaesthetic agents employed. The patients were allocated randomly to seven groups of 30 or more cases. In each of these groups a different pre-or postanaesthetic treatment was given (table I). The basic anaesthetic technique in every case comprised induction with thiopentone 3-5 mg/kg body weight and maintenance with nitrous oxide and oxygen (6 and 2 l./min) using the Magill circuit of the Boyle apparatus. The duration of this basic anaesthetic was exactly 10 minutes in all patients, even when the surgical procedure was shorter. If the operation necessitated a longer period of anaesthesia then the patient was excluded from the study. One of the authors (C.K.R.) anaesthetized all patients.
Propensity to motion sickness was specially enquired into. Care was taken to ensure that the patients took nothing by mouth within 4 hours of induction of anaesthesia. Oropharyngeal airways and pharyngeal suction were not used in any case. No other drugs were given up to 6 hours after anaesthesia, nor was anything else allowed by mouth during this period. Blood pressure and pulse rate were recorded just before and immediately after the induction of anaesthesia and again at the end of the operation.
The emetic sequelae were noted according to the following scheme:
(1) Emergence vomiting: any retching and vomiting occurring within the first 10 minutes of the end of anaesthesia. In cases receiving halothane at termination of the basic anaesthesia, this period of 10 minutes was reckoned from the end of the administration of halothane.
(2) Nausea and/or vomiting (including emergence vomiting) during the first postanaesthetic hour.
(3) Nausea and/or vomiting after the first and up to the end of tie sixth postanaesthetic hour.
The statistical significance of the differences in sickness rates in different groups was evaluated by the chi-square test. The statistic chi-square was calculated according to a formula for 2x2 contingency tables incorporating Yates's correction (Bailey, 1959) . Another statistical method for comparing percentage based on two large samples of 30 or more cases was also used which involves calculations of the statistic normal deviate (Bailey, 1959) . In order to assess the severity of emetic sequelae, the scoring scheme advocated by Dundee, Nicholl and Moore (1962) was employed (see table VI ). The emetic scores in different groups were compared by the method of ridit analysis (Bross, 1958; Bellville, Bross and Howland, 1959; Dundee, Moore and Nicholl, 1962) .
RESULTS

Overall incidence of postoperative sickness.
The overall incidence of nausea, vomiting and total sickness in various treatment groups is shown in table II (see also fig. 1 ). Group I, in which patients received no pre-or postanaesthetic treatment, formed the control group and the incidence of sickness in the other six groups was compared with the incidence in this group. Table III shows the relevant statistics for the evaluation of the significance of the difference in sickness rates amongst these groups. Premedication with atropine, in cases in group II, caused an insignificant reduction in the incidence of sickness. Premedication with chlorpromazine, either alone (in group HI) or in combination with atropine (in group IV) was associated with a highly significant decrease in the incidence of postoperative emetic sequelae. However, 1 per cent halothane in oxygen, given for 5 minutes after the termination of anaesthesia (in groups V and VI), did not lead to a significant reduction in the overall frequency of nausea and vomiting during the postoperative period. Trichloroethylene, when used as a volatile supplement to nitrous oxide and oxygen anaesthesia in group VII, also did not materially alter the sickness rate in that group. The reduction in sickness rate caused by chlorpromazine in groups HI and IV was not statistically significant when the incidence of sickness in these groups was compared with the incidence in group II in which atropine alone was used in premedication.
Incidence of emergence vomiting.
The incidence of emergence vomiting (as defined) is separately shown (table IV and fig. 2 ). The chi-square test for evaluating the significance of the differences in this category of vomiting in different groups was not uniformly applicable. table IV ). The incidence of emergence vomiting in other groups was compared with the incidence in the control group (I).
Chlorpromazine premedication in groups III and IV led to a significant reduction in the frequency of emergence vomiting. Administration of 1 per cent halothane for 5 minutes at the end of anaesthesia in unpremedicated patients (group V) did not cause a significant reduction. This same treatment, however, in patients who were premedicated with atropine was followed by a statistically significant decrease in the frequency of emergence vomiting. Trichloroethylene supplementation of nitrous oxide and oxygen anaesthesia was not associated with a significant change in this category of vomiting. The same conclusions, regarding the significance of the difference in the incidence of emergence vomiting in different groups, emerge from inspection of figure 2 in which lack of overlap between the standard error limits indicates a significant difference.
Sickness rates during 0-1 and 1-6 hour periods after anaesthesia. In table V is shown the incidence of emetic sequelae recorded during the first postanaesthetic hour and between 1 and 6 hours. The sickness rate sharply declined after the first postanaesthetic hour in all the treatment groups except those (HI and IV) in which chlorpromazine had been used; this treatment markedly reduced the incidence of emetic sequelae in the first postanaesthetic hour. Figure 3 shows the incidence of total sickness, vomiting and nausea during 0-6, 0-1 and 1-6 hour periods in the series of 252 cases. The decline in the overall incidence of sickness, as well as of vomiting and nausea separately, is well shown. It is seen further that about 60 per cent of the vomiting during the first postanaesthetic hour was "emergence vomiting", that is, it occurred within the first 10 minutes of the end of anaesthesia.
Severity of postoperative emesis.
The scoring scheme and the distribution of scores in the treatment groups are shown in table VI. The emetic severity scores were compared by computing the mean ridits and 95 per cent confidence limits for each group. Both the scores in group I and the scores in the whole series of 252 patients were treated as identified distributions for calculation of mean ridits. The degrees of overlap between the 95 per cent confidence limits of the mean ridits thus calculated are shown in figures 4 and 5 respectively. Compared with group I the severity scores in groups HI and IV were significantly lower. When the severity score in the entire series of 252 cases was taken as control (pooled ridit) the scores in individual groups did not differ significantly from each other. Inhalation of halothane at the end of anaesthesia did not cause a significant reduction in the severity of emesis also.
Frequency of postoperative emesis as related to
individual propensity to motion sickness. The number of cases in individual groups with and without a history of motion sickness was too small for statistical analysis of differences in the incidence of sickness. Of the 252 patients 79 gave a history of having had motion sickness whereas 173 had had no such experience, although they had been exposed to motion stimulL The overall sickness rates in these two classes did not differ significantly (chi-square= 1.921; P>0.1).
Frequency of motion sickness as related to menstrual cycle. In 137 of the 252 patients it was not possible to determine the exact period of the menstrual cycle at the time of operation. Of the 115 in whom the exact period was ascertained, 43 were operated upon in the first and 72 in the second half of the cycle. There was no significant difference in the frequency of emetic sequelae, whether the operation was undertaken in the first or the second fortnight of the cycle (chi-square=0.0191 ;P>0.1). Insufficient data precluded statistical comparisons within individual groups, so that it was not possible to reach any conclusion regarding the relationship between the menstrual cycle and postoperative emesis.
DISCUSSION
The factors responsible for the occurrence of postoperative sickness after minor gynaecological operations such as dilatation of the cervix and uterine curettage under general anaesthesia are not well understood. The anaesthetics themselves, however, are seldom directly involved in its causation. On the contrary, they may exert a protective action against vomiting arising due to other factors by virtue of their central nervous system depressant property. Dixit and associates (1966) demonstrated that ether and halothane could exert a protective action against amorphineinduced vomiting in dogs. Halothane possesses many additional qualities which may militate against the occurrence of emesis (greater potency, pleasant smell, easy respirability, quick induction, smooth recovery after short anaesthesia, and lack of any stimulant action on the salivary and mucous secretions). Its residual central nervous depressant action in ths postoperative period may well protect against sickness arising due to any factor, but would be evanescent after administration of 5 minutes duration. It is, therefore, not unexpected that administration of halothane in this way did not lead to a significant reduction in the overall sickness rates in this investigation. This observation does not accord with those reported by Haumann and Foster (1963) , who found that a similar period of inhalation of halothane at the end of anaesthesia brought about a significant reduction in th; postoperative emetic sequelae. The explanation for this disparity is not obvious. However, the design of the present clinical trial differs in certain important respects from that of Haumann and Foster (1963) . For example, in the present study, the nature of the operation, the duration of anaesthesia, and the dose of thiopentone sodium for induction of anaesthesia were rigidly controlled. Narcotic analgesics such as pethidine were not used in premedication. Haumann and Foster used pethidine for premedication and gave a fixed dose of 50 mg to every patient, irrespective of the body weight, both in the treated and the control groups. Bellville (1961) showed that the curve obtained by plotting the percentage incidence of emesis against the dose of pethidine in mg/kg showed two significant slopes. Either an increase or a decrease from the dosage of 1-1.2 mg/kg was followed by an increase in the incidence of emesis. The use of a fixed dose of pethidine could have resulted in differences between die treated and the control groups in the study of Haumann and Foster which might have rendered diem less statistically comparable.
Other workers have reported a significandy lower incidence of postoperative emetic sequelae in patients who received halothane as a volatile supplement to nitrous oxide and oxygen anaesthesia for minor gynaecological operations (Novoa, 1960; Rajagopalan and Dundee, 1963) . The work of Rajagopalan and Dundee is not open to die criticisms proffered against die study of Haumann and Foster. The reason for the significandy lower incidence of sickness after halodiane anaesthesia reported by Rajagopalan and Dundee appears to lie in die fact diat halodiane was given for a longer period to these cases (and also probably in a higher concentration). The residual central nervous deprsssant action of halodiane, if persisting for longer in die postoperative period (as would be die case when it is given throughout anaesthesia for minor operations, rather than for only 5 minutes at die end of anaesdiesia) might lead to a greater degree of protection against postoperative sickness. This argument is further supported by the confirmation of the clinical impression diat the major part of sickness occurs in the first postoperative hour. Similar findings concerning the relative frequency of emetic sequelae during the early and later parts of the postoperative period have been reported by Dundee and his co-workers (1962) and Gold and Ruy (1966) . Table H shows that more than half of die incidence of vomiting, in groups I and II where neidier chlorpromazine premedication nor halodiane inhalation was used, was confined to the first 10 minutes after die end of anaesdiesia (emergence vomiting). A reasonably intense residual central nervous depression by halothane during this period would have prevented at least a part of diis vomiting. This may account for die observations of Rajagopalan and Dundee (1963) . The residual depression resulting from a longer administration of halothane prevented a substantial part of die postoperative sickness occurring early in the postoperative period. In die present work, due to the brevity of exposure to halodiane in a lower concentration, both die duration and die intensity of die residual central nervous depression were insufficient to lead to a significant reduction in the overall sickness rates.
However, some protective action of halothane against early vomiting can be inferred from the data on emergence vomiting. In the group (VI) that received both atropine premedication and halothane inhalation there was a statistically significant reduction in the incidence. Neither measure alone led to a significantly lower incidence. The combination of the two measures resulted in a significant decrease in this early vomiting. The reason why this same combination did not reduce the overall incidence of sickness has already been discussed.
The incidence of sickness after major operations of longer duration under halothane anaesthesia is said not to be much different from that following operations under other anaesthetics in common clinical use (Holmes, 1965) . This might be accounted for by the fact that after major surgical procedures of longer duration many more complicating factors arise that are conducive to the occurrence of postoperative sickness. Metabolic disturbance, hypovolaemic shock, use of artificial airways and suction during and after the operation, and administration of narcotics for relief of postoperative pain, are some of those factors that may level up not only minor but even major variations in sickness rates after different anaesthetics.
The ratio between the sickness rates during the earlier and later parts of the postoperative period should be significant in the context of the evaluation of drugs for the prevention and treatment of postoperative vomiting. The major part of this sickness occurs in the first postoperative hour and administration of an anti-emetic should be timed so as to allow development of an effective concentration before this period, otherwise even potent anti-emetics if given during the recovery period may, due to delay in the onset of their peak action, prove to be virtually inactive and similar to a placebo (Gold and Ruy, 1966) .
The effectiveness of chlorpromazine (which was included in this study to provide a background control as a standard anti-emetic) is confirmed by the finding that a dose of 25 mg was sufficient to reduce the severity and frequency of sickness. Undesirable side actions such as excessive drowsiness, postural hypotension and hypotension during anaesthesia were not seen.
The limited nature of this investigation does not allow comment on the importance of motion sickness or menstrual state as influences on postoperative vomiting, beyond the statement that no evidence was found that they are important factors.
